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→ need complementary information from as many channels as possible
→ H → bb largest Branching Ratio by far below 130 GeV
→ BR(H → gg) + BR(H → cc) ~13%, w/o  H → bb, ¾ of the width would be              
     invisible!  

→ H → ττ: crucial information on lepton coupling (could it be leptophobic?)  



Production Modes
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VH → Vbb
V → ll, lν, νν

Most sensitive channel with b in final states
Intriguing excess in the Tevatron VH → bb analysis



VH Analysis in a nutshell
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b-tagging at CMS
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Event Categories
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B-jet energy Regression
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http://arxiv.org/pdf/1107.3026.pdf


Background Control Regions
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from simultaneous binned Maximum Likelihood fit 

Renormalize background estimates in Signal region
based on Scale Factors: B(SR) = SF(CR) * B

MC
(SR)

New since 2011 Analysis



Background Control Regions
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Example of data/MC agreement  in the Control Regions for
variables used in the analysis
→ Many more in backup

Calibrate most important backgrounds, test analysis robustness 

 

 

 

 



BDT: Event Selection
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BDT Analysis (7 TeV)     
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BDT Analysis (8 TeV)     
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Systematic Uncertainties
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Dominant uncertainties: b-tagging, background modeling, signal cross-section 
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Results: SM Exclusion Limits

Improvements in the analysis enhance sensitivity by 50%
→ Almost reached SM sensitivity (1.1 x σ

SM
) below 115 GeV

→ Expected sensitivity around 1.6 x σ
SM

 for m
H
=125 GeV

Signal injected would give a broad excess across the full mass range 
considered
→ compatible with di-jet mass resolution (~10%)
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Results: SM Exclusion Limits

Mild excess between 115 and 135 GeV
→ Most sensitive single experiment on VH → bb

Compatible with either background or Higgs signal
→ Expect 1.6 x σ

SM
 at 125 GeV, observe 2. x σ

SM
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Signal Strength and p-values



7 + 8 TeV di-jet mass distributions
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Tighter cuts, stronger background rejection
Show combination of 5 channels, overall nice Data/MC agreement

 
 



gg → ttH
H → bb

Presented for the first time at ICHEP
Test new production mechanism



ttH Analysis Overview
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Additional information in overall Higgs search 

 

 

 

 

New Analysis, 



ANN Analysis Validation
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ANN Output Distributions
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Results: SM Exclusion Limits

Sensitivity dominated by lepton+jet mode, 5-10% improvement from di-
lepton mode 
Dominant uncertainties: b-tag, JES in LJ, factorization scale in DIL
No excess seen, expect 4.6 x σ

SM
 at 125 GeV, observe 3.8 x σ

SM
 

 

 
 



H → ττ → μτ
h
, eτ

h
, eμ, μμ

Sensitive to all production modes
Probe couplings to leptons
Enhanced σ x BR in MSSM



Taus at CMS

 

 



m(ττ) Reconstruction

SVFit
Event by Event estimator of
true m(ττ) likelihood
→ Exact Matrix Element used for τ → lνν
→ Phase-Space is used for τ → π

 

 



Analysis Strategy
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Search performed in 4 tau-pair final states: μτ
h
, et

h
, eμ, μμ   



Background Control
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Summary of expected Limits
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Analysis improvements make ττ a potent Higgs search channel
→  Improved Categories, Mass Resolution
→   2x improvement from 2011 published analysis

 



H →  ττ Results

Sensitivity close to Standard Model one!
No excess seen from SM background-only expectation
Observed limit of 1.06 x σ(SM) at m

H
 =125 GeV (exp= 1.3)

 
 
 



The Global Picture
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Prospects
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Analyses improve better than √ L

Already ≤ 15 fb-1 at √s 8 TeV on tape 
Also large room for improvement in ttH

 

 

 

Hbb

 

 
 



Conclusions
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The characterization of the new boson discovered at m=125 GeV at
the LHC is top the priorities of the CMS and ATLAS physics programs 

Outstanding performances of the LHC should allow to shed some
light on the nature of this new particle by the end of the year

Presented most recent results on search for SM H → bb and H → ττ
in  CMS
→ Test coupling to fermions
→ H → bb largest BR for m

H
=125 GeV

Mild excess in H → bb, under-fluctuation in H → ττ
Stay tuned for updates in these channels!

 

 

 

 



Backup Slides



Data Samples and Triggers
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Analysis presented here based on full 2011 data sample (5 fb-1, VH+ttH) 

Lepton efficiencies determined directly on data using Z events
InVH, trigger Efficiencies well above 90% w.r.t. offline cuts (Boost)

 

2012



Data Samples and Triggers
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Analyses presented here:
Associated production with a vector boson (VH, V=W,Z):
Improved Analysis of 2011 data (5 fb-1 ) and first analysis of 
2012 Data at √s=8 TeV (5 fb-1 ) 

Triggers:
(Isolated) muon, 17-40 GeV (2011), 24-40 GeV (2012) → W(μν)H,Z(μμ)H

Isolated electron, 17-32 GeV (2011), 27 GeV (2012) → W(eν)H, ttH
→ Cross-trigger with central jets and MET in 2011 

Double lepton, 17-8 GeV → Z(ee)H, ttH

MET (80-100 GeV) with central jets or inclusive MHT (150 GeV)  → Z(νν)H 

 

 



Expected Sensitivity
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Expected sensitivity for exclusion in bb

and tt similar and roughly a factor 2

worse than other major modes



Expected p-values
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P-value for all modes 

 
 



VH Analysis in a nutshell
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Important backgrounds (V+jet, Light or Heavy, ttbar)
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Given the observation of a new particle at 125 GeV, confirm or 
Exclude it's the Standard Model Higgs 

→ need complementary information from as many channels as possible
→ H → bb largest Branching Ratio by far below 130 GeV

→ Crucial piece in the observation puzzle  



Analysis Strategy
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Reducible backgrounds
QCD (strongly suppressed by iso and boost)
V+udscg,V+bb @ low p

T
 and mass

W(lν)W(jj) 
ttbar and single top (Wb)

Irreducible backgrounds
V+bb @ high p

T
 and mass  

ZZ(bb), W(lν)Z(bb)

Important discriminating variables
Mass resolution (separation of VH from VV) 
b-tagging  (suppression of V+light) 
Back-to-back topology
Additional jet activity
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Physics Objects (2011)  
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 Particle Flow based Analysis
PileUp removal using PFNoPU
PV selected as the one with highest activity 

Muon selection:MC re-weighted to match PU 
distribution on data
Z(ll): 75 < m(ll) <105 GeV, 
Z(νν): PFMET cut and lepton veto 

W(lν): Combine  PFMET and lepton
No additional leptons

 

 
 
 



VHbb 2011 Results
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2011 Improvements

David Lopes Pegna                                 25                         1 October 2012



Control Region Shape Fit
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 Scale Factors for V+light(heavy) and ttbar background re-
weighting extracted from simultaneous binned Maximum 
Likelihood fit in 3 control regions
Control regions defined as kinematically close to Signal Region,  



Background Scale Factors
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Scale factors for background re-weighting largely consistent 
between 7 and 8 TeV analysis

Uncertainties include: MC statistics, detector effect (jet resolution 
and scale, b-tag efficiency and mis-id) and estimated by repeating 
the fit with template variations





B-jet energy Regression
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jet energy corrections: http://arxiv.org/pdf/1107.3026.pdf
Multivariate Regression (BDT) trained 
on VH signal events using several (b)-
jet variables
→ p

T
, η, Uncorrected p

T
, E

T
, M

T
,

     p
T
LeadTrack, charged had fraction,  

     Secondary Vertex info (if any)          
     MET inZ(ll)H events
→ Training at all mass points                 
    simultaneously to avoid mass bias

Improvements in resolution of the order of 
20% for Z(ll)H,  15%for W(lν)H and Z(νν)

 

 

http://arxiv.org/pdf/1107.3026.pdf


Regression Validation
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 Extensively validated on simulation and Data Control Regions 
→ check of data/MC agreement of variables input to the regression in all 
control regions
→ p

T  
balance in Z(ll)+bb  

→ full reconstruction of top mass in ttbar and Single Top samples
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110 115 120 125 130 135

Exp 1.57 1.61 1.69 2.21 2.82 3.44

Obs 1.93 2.75 2.17 2.89 6.0 4.8

Expected limit improves by ~50%

Broad excess, 115-135 GeV

Shape of the observed limit very similar compared to published analysis

SM Exclusion Limits (2011)



Control Regions Data/MC
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Control Regions Data/MC
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Control Regions Data/MC
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ttH Exclusion Limits

Sensitivity dominated by lepton+jet mode, 5-10% improvement from di-
lepton mode 
Dominant uncertainties: b-tag, JES in LJ, factorization scale in DIL
No excess seen, expect 4.6 x σ

SM
 at 125 GeV, observe 3.8 x σ

SM
 

 

Mass Exp. Obs.

110 2.90 2.30

115 3.36 2.83

120 3.83 3.09

125 4.61 3.82

130 5.67 4.35

135 7.03 5.68

140 9.47 6.59

 
 



P-values (7+8 TeV)
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MH(125) signal injection
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σ/σ_SM compatibility

7 TeV
+ 8 TeV



Regression Input Variables
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Regression Input Variables
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Systematic Uncertainties
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Signal:
Higgs cross-section: use NNLO from 
LHC WG, currently estimate 4% error 
(PDF+alphas, scale)

p
T

 spectrum: recent theoretical calculations address our boosted

regime: 5(10)% for Z(W)H due to electroweak corrections 
(http://arxiv.org/abs/0710.4749)  and 10% from QCD
(NNLO vs NLO, http://www.arxiv.org/abs/1107.1164)

Background:
Data-driven:
Uncertainty on the SF determination → 
1) Statistical uncertainty 
2) systematic on CR definition 
From CR: V+jets (light: 7%, heavy: 16%), ttbar (8%)

MC based: VV (30%), single top (30%)

 

 

http://arxiv.org/abs/0710.4749
file:///Users/dlopes/Presentations/CMS_Higgs_Brookhaven.sxi/%20http://www.arxiv.org/abs/1107.1164


MJJ/BDT Cut Efficiency     
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MJJ/BDT Cut Efficiency     
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Conclusions
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Presented most recent results on search for SM H → bb at CMS
→ Improved VH analysis on 2011+2012 data
→ First ttH analysis on 2011 data 

Mild excess in VH analysis, 
exp(obs) limit at m

H
(125)=1.6(2.) 

will likely reach Standard Model
sensitivity by end of 2012 !

No excess in ttH, 
exp(obs) limit at m

H
(125) = 4.6(3.8)

additional information from this 
channel on Higgs properties
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